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Previous communications from this laboratory have described the 
occurrence of two immunological  types of Staphylococcus which are 
discernible by the precipitation in homologous immune sera of specific 
carbohydrates  extracted  from  the  organisms  (1).  A  study  of  the 
chemical characteristics  of the  carbohydrates revealed sufficient dif- 
ferences to explain the serological distinctions of the two substances (2). 
In pointing out the essential immunological dissimilarities of the carbo- 
hydrate and protein constituents of the cells, a preliminary statement 
was made, among other things,  regarding  the cutaneous reactions to 
the specific polysaccharides (3, 4).  Since that time, however, a more 
thorough and broader study has been undertaken on the skin reactions 
elicited by the carbohydrates in both normal and diseased individuals, 
with  the  result  that  sufficient  data  are  now  available  to  merit  an 
extended report and conclusions. 
Materials and Methods 
1. Soluble Specific Substances.--The  specific carbohydrates  of both Type A 
and Type B Staphylococcus were employed in conducting skin tests, and they 
were prepared according to the method already published from this laboratory (2). 
While in a high state of purity, liberated from the usual contaminating and pro- 
tein substances, they still contained small amounts of nitrogen (3 to 4 per cent), 
but, as will be seen later, this degree of impurity exerted no visible influence on 
their  skin reactive properties.  For purposes  of control,  use was made of the 
specific substance of Type II Pneumococcus, prepared by the method of Heidel- 
berger,  Goebel and  Avery  (5), the serum-reactive carbohydrate  of gum arabic 
(6), and the somatic polysaccharide of a rough strain of rhinoscleroma bacillus (7), 
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which was prepared in a manner similar to that used for the extraction of carbo- 
hydrates from Staphylococcus.  The various substances were dissolved in freshly 
prepared physiological salt solution and were sterilized in a boiling water bath for 
I0 minutes.  The concentration of the carbohydrates was varied from 1:50,000 
to 1:200,000, and 0.2 cc. of the particular dilution was injected intracutaneously 
for testing skin reactivity.  At the present time, the dilution and quantity of 
carbohydrate injected for skin testing has been standardized at 0.2 cc. of 1:200,000 
dilution. 
2.  Titration of Sera for Specific Precipitins.--Serum was obtained from normal 
individuals  and patients in the usual manner.  Precipitation tests were carried 
out by mixing 0.5 cc. of different dilutions of carbohydrate with 0.5 cc. of diluted 
serum (i.e., 0.2 cc. of serum and 0.3 cc. of salt solution).  Readings  were made 
after the tests had been incubated in a water bath at 37°C. for 2 hours followed by 
overnight in the ice box. 
3.  Titration  of Urine for Specific Carbohydrates.--In  the patients sustaining 
severe infection with  Staphylococcus, an effort was  made to demonstrate the 
presence of specific carbohydrates in the urine.  For this purpose 24 hour speci- 
mens of urine were collected from time to time and aliquot portions were removed 
for testing.  If necessary, they were then centrffugated for clearing, and 0.5 cc. of 
urine, undiluted and in dilutions varying from 1 : 1 to 1:200, was mixed with 0.5 cc. 
immune rabbit serum (diluted 2:3).  Then the test was completed as described 
in the preceding paragraph. 
EXPEI~  YM'R.NTAL 
For purposes of clearer presentation and more facile discussion, the 
cutaneous reactions to the carbohydrates of Staphylococcus have been 
divided as those observed in infants and children, and those observed 
in adults.  While  the character and  evolution of the reaction is the 
same  in  both  groups,  there  are,  nevertheless,  differences  in  other 
respects  which  warrant  this  separation.  In  the  former group  indi- 
viduals  varied in  age from a  few months to about  8  years,  and  the 
adults  varied from adolescence to beyond middle  age.  In  both in- 
stances, a survey was made of normal individuals, as well as of patients 
suffering from various diseases, supplemented by patients with verified 
Staphylococcus infection. 
The skin reaction elicited  by the carbohydrates is of the immediate, 
wheal and erythema variety. 
Within  I0  minutes  following  the  inoculation  a  white  edematous 
wheal appears at the site of inoculation, which, in a general way, varies 
in diameter from 0.75 to 1.5 cm., although in occasional instances the L.  A.  JULIANELLE  AND  A.  ~'.  HAI~TMANN  151 
measurement may attain 2.0 or more cm.  Within 10 to 20 minutes, a 
zone of erythema appears surrounding the wheal.  The erythema may 
increase in size and intensity, frequently  exhibiting an irregular margin 
and  extending  unevenly in  the  form  of  pseudopods.  Within  30 
minutes, the reaction usually assumes maximum intensity, when it 
begins to  regress, in  general completely vanishing within an  hour, 
sometimes requiring a longer period.  The eventual size of the reaction 
varies in different individuals.  Considering the wheal and erythema 
in one measurement, the two diameters show variations of 1 x 1.5 cm. 
to 4 x 6 cm.  The skin reaction has not been followed by secondary, 
local or constitutional manifestations. 
This  cutaneous reaction will  be  recognized immediately as  that 
described for the first time in response to bacterial carbohydrates by 
Tillett and Francis in their study of skin reactions in Pneumococcus 
pneumonia (8).  An observation of further interest was the occurrence 
of a prozone phenomenon in the skin reactivity of some of the indi- 
viduals, which may be likened to that occurring in serum precipitation 
reactions.  For example, dilutions of 1:20,000  or 1:50,000  failed to 
elicit skin reactions, though 1:100,000  or 1:200,000  did so. 
Cutaneous Reactions in Children 
The  skin  tests  performed in  children have  been  summarized in 
Table I.  An analysis of the data discloses  that of 40 children with 
miscellaneous clinical conditions, five, or about 12 per cent, gave skin 
reactions to  the carbohydrate of Type A  Staphylococcus.  Of  this 
group,  20  were tested to  Type B  carbohydrate without exhibiting 
cutaneous response.  These 40  children  are  considered as  normal, 
control individuals for the purpose of this study.  None of them gave 
evidence of Staphylococcus infection during their period of observa- 
tion  in  the  Children's  Hospital,  and  most  of  them were patients 
classified as metabolic.  A few were suffering from infections, as e.g. 
typhoid fever, actinomycosis, pyelitis, etc.  It seems justifiable, there- 
fore, to regard the children of this group as fair for control purposes. 
Sera from two of the five reactive children were tested for precipitins, 
and in neither instance were antibodies demonstrable for Type A or 
Type B  carbohydrate. 
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reacted to Type A carbohydrate, and none to Type B.  Precipitation 
tests performed with serum from two patients, one of whom reacted 
and the other of whom did not, revealed an absence of specific anti- 
bodies in circulation.  These patients are classified separately because 
they serve as a control for the patients suffering from nephrosis. 
Seven children with nephrosis, also, were skin-tested with the various 
carbohydrates.  All of them were found reactive to Type A polysac- 
charide but not to Type B  during the symptoms of active disease. 
None of the children's sera contained specific precipitins.  The chil- 
dren have been studied over a period of 2 years, and skin tests have 
TABLE  I 
Summary of Skin Tests and Serum Reactions in Children to Specific Carbohydrates 
of Staphylococcus 
Individuals 
Miscellaneous.. 
Nephritis. 
Nephrosis. 
Staphylococcus infection.. 
No. 
tested 
40 
11 
7 
10 
Skin tests 
No. reacting  to 
1 
7 
10 
carbohydrate 
Type B  T~pe 
20  tested  all  12 
negative 
o  9 
0  tO0 
0  100 
1 questionable 
Per cent 
reacting to 
carbohydrate 
Type 
B 
No, 
tested 
2 
7 
I0 
Serum reactions 
No. reacting 
with 
carbohydrate 
Type  Type 
A  B 
0  0 
0  0 
0  0 
5  0 
been made repeatedly during and after hospitalization.  They have 
presented two chief points of interest.  First,  it has been observed 
that during their prolonged hospitalization, the occurrence of upper 
respiratory infection may precede a  disappearance of the skin reac- 
tivity to Type A carbohydrate.  In this case, skin reactivity reappears 
with recovery from the intercurrent infection.  This observation, al- 
though not conclusive, was made on several occasions, so that it would 
appear to  be  of more than  fortuitous occurrence.  Secondly, upon 
following the children clinically after discharge, the recurrence of skin 
reactivity is frequently accompanied by albuminuria, so that it may 
be  the  latter  condition  is  predictable  from  the  presence  of  skin 
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Since the number of patients with nephrosis studied is, indeed, very 
small, it is difficult to interpret the significance of these observations. 
As will be brought out subsequently, the absence of circulating anti- 
bodies may or may not be important  as far  as  specific infection  is 
concerned.  The occurrence of nephrosis, however, is rare, and a long 
period  of  time  must  elapse  before  sufficient numbers  are  available 
for a  statistical  study. 
Three children with nephrosis have been tested with the carbohydrates at our 
request by Dr. J. H. McLeod, of Washington, D. C., who reported in two of the 
three  patients  a  skin reactivity  to Type A and  not to Type B carbohydrate. 
Another patient, tested by Dr. Fred Moore, of Des Moines, Iowa, was found to he 
non-reactive.  Four patients with nephrosis were tested by Dr. L. E. Farr, of the 
Hospital  of The  Rockefeller Institute; none  gave  skin reactions  to  Type A 
carbohydrate,  while two gave borderline reactions to both Type B carbohydrate 
and  the soluble specific substance of Type I Pneumococcus. 
Finally,  ten  children  with  authenticated  Staphylococcus infection 
were tested with  the  different  carbohydrates.  All ten  gave  typical 
reactions  to  Type  A  carbohydrate,  while  one  reacted  slightly  to 
Type B.  The latter reaction was considered of doubtful significance, 
since the patient showed a mild generalized skin reactivity and appears 
to  have  been  dermographic.  Tests  of  serum  from  these  patients 
indicated the presence of specific precipitins in five.  The serological 
reactions will be described later, however. 
Cutaneous Reactions  in Adults 
The skin tests performed on adults are presented in summary form 
in Table II.  A  study of this protocol shows that of 24 normal indi- 
viduals,  all medical students enjoying perfect health at the time,  16, 
or 66 per cent, were reactive to Type A  carbohydrate.  In two, less 
intense reactions were also observed to Type B carbohydrate, but these 
were  classified  as  questionable  because  the  individuals  presented  a 
minor degree of reactivity to all the polysaccharides inoculated.  Sub- 
sequently, the sera of five giving reactions were tested for both Type A 
and Type B  precipitins,  but with a  negative outcome. 
Skin tests were also made on 47 patients with trachoma.  In every 
case, staphylococci were cultivated from the conjunctival sac, but it is 
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hydrate elicited reactions in 30 of the patients, while Type B carbo- 
hydrate caused a minor reaction in only two.  Serum from 16 of the 
patients,  including the  two  reacting  questionably  to  type  B,  was 
examined for precipitins, but they appeared to be completely absent. 
While  the  patients  with  trachoma  were studied  at  the  time  from 
another point of view, it is obvious from the frequency of skin reac- 
tivity and absence of precipitin that they resemble normal adults in 
so far as concerns the points dealt with in this study. 
Seven laboratory workers engaged in the cultivation of both types 
of  staphylococci,  extraction  of  specific soluble  substance,  and  the 
TABLE  II 
Summary  of Skin  Tests and Serum Reactions in Adults  to Specific Carbohydrates 
of Staphylococcus 
Individuals 
Normal ..... 
Frachoma patients.. 
Laboratory  workers.. 
Chronic conjunctivitides... 
~taphylococcus infection.. 
~'0. 
tested 
24 
47 
7 
5 
14 
Skin tests 
carbohydrate 
16 
30 
5 
5 
14 
B]o. reacting to 
Type B 
0 
2  questionable 
0 
2  questionable 
0 
0 
0 
2  questionable 
Per cent 
reacting to 
.carbohydrate 
66 
63  -- 
71  -- 
100  -- 
100.- 
tested 
Serum reactions 
5 
16 
4 
4 
6 
No. reacting 
with 
carbohydrste 
T•pe 
Type 
B 
o  o 
o  o 
o  o 
o  o 
2  o 
handling of these organisms in one way or another, were also subjected 
to skin tests.  Five, or 71 per cent, gave reactions to Type A  carbo- 
hydrate only, and four of them were tested for circulating precipitins 
without establishing their presence.  Like the trachomatous patients, 
they resembled normal controls. 
Five patients with chronic conjunctivitides of undetermined origin 
were also given skin tests.  All five reacted to Type A, but not to 
Type B carbohydrate.  Upon testing the sera of four of these patients, 
it was found that all lacked precipitins. 
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reactions to Type A  carbohydrate, while two reacted questionably to 
Type B.  In six of these patients a study was made of the presence of 
antibodies, and it was found that in two, precipitation occurred with 
Type A carbohydrate but not with Type B carbohydrate. 
Serum Precipitation Reactions 
As already indicated, a study was made concurrently of the presence 
of precipitin  in  individuals  evincing skin  reactions  to  the polysac- 
charides of  Staphylococcus.  While  it  was  not  feasible  to  test  the 
TABLE  III 
Precipitation of Staphylococcus Carbohydrate, Type A, by Serum of Patients with 
Homologous Infection 
Patient and diagnosis 
A.  Children 
P---osteomyelitis ................ 
McF--osteomyelitis ............. 
Pr---osteomyelitis ............... 
M---osteomyelitis  with  amyloid 
disease ....................... 
A--septicemia .................. 
B.  Adults 
I,--septicemia .................. 
W--osteomyeUtis ................ 
Dilution of Type A carboh 
S0  I00  200 
+++  +++ 
++ 
++ 
Precipitation of Type B  carbohydrate  was tested 
Type A. 
* These figures represent dilutions in thousands. 
drate 
-4- 
++÷ 
;÷ 
Type B 
carbo- 
hydrate 
w 
m 
m same dilutions as for 
serum of every individual observed, nevertheless a  sufficient number 
of tests were conducted to deserve certain comments.  Thus, it was 
found that none of the individuals who were free of Staphylococcus 
infection  possessed  precipitins  for  either  carbohydrate  despite  the 
presence of definite and, in some instances, marked skin reactivity to 
one of them.  Even during active infection when skin reactivity is 
also present, antibodies are not necessarily demonstrable in the pa- 
tient's serum.  Thus, of 24 individuals suffering from Staphylococcus 
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serum precipitation  reactions of  these  patients  are  s,mmarized in 
Table III.  Examination of the protocol shows that five of the patients 
were  children,  three  suffering  with  osteomyelitis,  one  with  osteo- 
myelitis complicated by amyloid disease, and the fifth with septicemia. 
The antibody titre for Type A ranged from 1:200,000  to 1:1,000,000. 
Of these patients, three recovered and two died.  One, M, died of the 
effects of amyloid disease; the other, A, while apparently recovering 
from the Staphylococcus infection, died suddenly of a terminal Strep- 
tococcus complication with septicemia.  Of the two adults, one was 
affected with septicemia, the other with osteomyelitis.  The titre in 
one was 1: 200,000, in the other 1 : 300,000.  Both patients recovered. 
It may be that the occurrence of antibody in the serum is not only an 
actual measure of the degree of immunity developed by the patient, 
but that it may comprise a prognostic sign in so far as the Staphylo- 
coccus infection is concerned. 
Thus,  the indications from Table III are that precipltlns can be 
detected in the blood only when the infection is severe, prolonged, or 
generalized.  They have not been found in patients  with localized 
infections (furuncles, infected elbow, infected foot,  etc.) even when 
the  infected  tissues  yielded Staphylococcus predominantly or pure 
cultures of the organism on cultivation.  If an analogy is permissible 
from experimental infections (4)  and  artificial immunization  (1,  3) 
with Staphylococcus in rabbits  and monkeys, then it can be stated 
that the serum reactions in the human being might have been antici- 
pated.  In this connection, it has already been shown that prolonged 
intravenous immunization with the heat-killed organisms stimulates 
precipitins in only a small proportion of animals, and localized infec- 
tions induced by subcutaneous agar foci containing virulent Staphylo- 
coccus, even when repeated two or three times, failed to incite the for- 
mation of carbohydrate antibody.  So, also, repeated intracutaneous 
injections of dead staphylococci did not elicit a  precipitin response. 
Occurrence of Specific Precipitins in the Urine of Patients with 
Staphylococcus  Infection 
In several of the patients suffering from the more severe Staphylo- 
coccus infections, a study was made of the occurrence of precipitinogen 
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of infection, but at no time were specific carbohydrates demonstrable 
by precipitation in rabbit immune serum.  It is quite possible that an 
intracellular situation of the carbohydrate and its presence in minute 
quantities in the bacterial cell preclude its demonstration in urine. 
In  the  few examples in which precipitation  reactions of  the urine 
have been recorded (Pneumococcus (9),  Friedl~nder's (10,  11),  and 
typhoid bacillus (12)),  the polysaccharide was not only elaborated in 
comparatively large quantities by the organism under study, but it 
was distributed in the ectoplasm of the bacterial cell, thus permitting 
more readily elimination of greater amounts of serologicaUy reactive 
carbohydrates through the kidney. 
DISCUSSION 
The elaboration of type specific and immunologically active carbo- 
hydrates by different strains of Staphylococcus has made it possible 
to  study  the  development of  skin  sensitivity during  the  course of 
infection, with a degree of specificity hitherto unafforded.  Skin reac- 
tivity to Staphylococcus carbohydrates, apparently absent or rare in 
infants,  occurs with increasing frequency to  adult life.  When one 
considers the ubiquity of the organism and the prevalence of notably 
mild and transient infections due to Staphylococcus, it is small wonder 
that the skin undergoes an alteration.  The surprising element in the 
reaction  is  that  practically  all  the  skin  sensitivity  is  towards  the 
Type A carbohydrate.  Previous studies have indicated that Type A 
strains are the pathogenic variety, whereas Type B  organisms have 
not as yet been encountered in Staphylococcus infections of man or 
animal, and it may be that this will explain in part the development 
of skin sensitivity to Type A polysaccharide.  An interesting observa- 
tion in this connection is that Staphylococcus can be cultivated from 
the conjunctival sac of most patients with trachoma; and while the 
organisms  are  usually Type B,  the skin sensitivity encountered in 
these patients  is  to  Type A.  From this it is  clear that  the mere 
presence of an organism over prolonged periods of time does not estab- 
lish skin sensitivity.  The high frequency of skin reactions to Type A 
carbohydrate in normal adults,  therefore,  suggests  actual infection 
with this organism at some preceding time. 
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was relatively small, skin reactivity to Type A polysaccharide appar- 
ently occurred in all instances.  Reactions to Type B  were rare and 
they appeared to be nonspecific.  The occurrence of skin sensitivity, 
however, does not necessarily imply presence of drculating precipitins. 
In  fact,  antibodies have never been  demonstrated in  normal indi- 
viduals, and even during infection less than 30 per cent of the patients 
were found to  possess demonstrable serum precipitins.  Moreover, 
it has not been possible to detect any correlation between intensity of 
skin reaction and presence of antibody.  The data indicate that while 
skin reactivity may evolve in all varieties of Staphylococcus infection, 
precipitins are  demonstrable in  the blood only during severe, pro- 
longed, generalized infection.  The complete absence of antibody for 
Type B  polysaccharide supports a  previously reported observation, 
that strains of this type are nonpathogenic under the more commonly 
" encountered conditions (I). 
The occurrence of skin reactions to Type A  carbohydrate without 
circulating  antibody  in  certain  instances  of  nephrosis,  and  their 
absence in nephritis cannot be explained at the present time.  Whether 
this can be regarded as evidence that nephrosis is a manifestation of 
Staphylococcus infection, as supposed by certain investigators (13), 
cannot be stated from the data at hand.  This matter constitutes a 
problem in itself, and it does not affect the results described in the 
present report. 
swr~cRY ~I)  CONCT.VSIONS 
I.  Skin reactions to  the type specific carbohydrates of Staphylo- 
coccus indicate that cutaneous sensitivity to Type B is either extremely 
rare or nonexistent. 
2.  Skin reactions to Type A carbohydrate occur in about 12 per cent 
of normal infants and children and in 65  to 70 per cent of normal 
adults. 
•  3.  Skin reactions to Type A carbohydrate occur regularly in patients 
with Staphylococcus infection. 
4.  Skin reactivity is not associated with demonstrable serum pre- 
cipitins, for  (a)  normal individuals, though skin reactive, have not 
been found to  possess them, and  (b)  not all patients with verified 
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5.  The patients elaborating type specific precipitins, who numbered 
less than 30 per cent in this study, are those with severe, prolonged, 
or generalized Staphylococcus infection. 
6.  Specific  carbohydrates  have  not  been found  in  the  urine  of 
patients during Staphylococcus infection. 
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